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Abstract 
Agri-food supply chain management (SCM), a management method to optimize internal costs and productivities, has 
evolved as an application of e-business technologies. These days, RFID has been widely used in many fields. In this 
paper, we analyze the characteristics of agri-food supply chain. Then the disadvantages of RFID are discussed. After 
that, we study the application strategies of RFID based on benefit and safety degree. 
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1. Introduction
Each year, more than 300,000 Americans are hospitalized and 5,000 die after consuming 
contaminated foods and beverages. The agri-food supply chain typically starts on farms and involves 
many different types of facilities, including processors, packers, distributors, transporters, and retail 
stores, before finally reaching the consumer.  A supply chain is a worldwide network of organizations 
and their associated activities that work together to produce value for the customer. Supply chain 
management represents a critical competency in today’s global market. The emerging global economy 
has increasingly put a premium on the ability of firms to quickly and accurately evaluate new market 
opportunities, new products, and other strategic business decisions in coordination with potential supply 
chain partners [1-5]. Vast literatures have studied the application of RFID in agri-food supply chain. 
Some discuss the food safety problem, some discuss the efficiency of supply chain, some discuss the 
deployment of RFID in supply chain[6-8].Agri-food supply chain has its own special characteristics. 
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Benefit and safety problem are two of the most significant problems in agri-food supply chain 
management. In this paper, we focus on these two points and study a class of RFID application strategy.  
2. Definitions and Notations 
A.  Three Main Categories Food 
In this paper, agri-food is our main topic. As far as the issue discussed is concerned, we would refer 
to the following three types of food. 
a) Fresh and perishable vegetables and fruits: This type of food has both problems of food safety due 
to chemical residue during production and of cargo damage during transportation. b) Animal and water 
products (meats, dairy products and fishery products): With the improvement of livelihood, the average 
consumption animal and water products goes up quickly, and their production expands quickly 
accordingly. Due to blind pursuit for output growth, large amounts of prohibited growth hormone, animal 
and fishery medicines are applied in production. The results are, fast increase of output on the one hand, 
and decline of food quality and over-residue of medicals and hormone in the products. c) Processing food 
products: The process of food processing has pollution both to the environment and to the food products 
themselves. The reason of pollution is mainly that, most of the food processing factories are too small to 
satisfy food safety conditions, so that the products are easily to be secondarily polluted during processing. 
Some producers use illegal additives to improve the appearance quality. 
B. Agri-Food Supply Chain 
 An Agri-food supply chain is a network of food-related business enterprises through which food 
products move from production through consumption, including pre-production and post-consumption 
activities. Typical links in the supply chain are as Fig.1 shows. 
Fig. 1 Example of a Agri-Food Supply Chain. 
In Fig.1, the supply chain is divided into five sections, including material suppliers, manufacturers, 
distributors, retailers and consumers. Six main processes consist of the operation of agri-food supply 
chain. P1 is the process of growing and harvesting agricultural products. P2 is the process of storing and 
transporting raw commodities. P3 is the process of processing and manufacturing raw commodities. P4 is 
the process of storing and transporting processed and manufactured goods. P5 is the process of 
distributing goods to wholesale and retail establishments and P6 is the process of selling goods to 
consumers. To support the operation, some kinds of technologies are widely used in agri-food supply 
chain management. Electronic commerce technology and logistics technology are two of them. They 
form two networks and make the whole supply chain more efficient. 
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Traditional food supply chains exhibit the following key characteristics) Business relationships 
within the supply chain are often framed in win-lose terms, with resulting levels of inter-organizational 
mistrust. Relationships are constructed as competitive, even adversarial, whereby each company seeks to 
buy as cheaply and to sell as expensively as possible. 
Farmers/ranchers (and fishers) are treated as interchangeable (and exploitable) input suppliers, often 
operating in restricted markets or under short-term contracts where risks are usually born by producers. 
Benefits/profits from the selling of final food products are unevenly distributed across the supply 
chain, with food processors and marketers usually receiving a disproportionately higher share. 
Operations are increasingly located and coordinated on a national and international scale, with food 
production, processing, and marketing sited according to short-term economic gains for those parties who 
dominate the chain. 
Actually, there are some other significant partners in the supply chain. Broker is an agent that 
facilitates transactions between a buyer and seller. The broker may or may not take legal title to such 
items. It may purchase goods from producers or other brokers and re-sell them to processors or other 
brokers. Co-manufacturer is a co-manufacturer transforms food products but does not own the brand 
name, processes and/or specifications applied to the product. It is a supplier of finished goods typically 
on a contract agreement. Shipper is the party that institutes transportation of the product. The shipper may 
or may not be the manufacturer, and can be a third party, especially in the case f broker transactions. The 
shipper may or may not be the transporter. 
C. Safety and Benefit Analysis of Agri-Food  Supply Chain 
Agri-food supply chain is a special kind of supply chain because the commodities transferred in this 
chain have their special characteristics, for instance, the perishable characteristics plays a great role in 
this kind of supply chain management. 
Safety is very significant in food supply chain. Food will not cause harm to the consumer when it is 
prepared and/or eaten according to its intended purpose. But sometimes, food will cause disastrous 
danger to people if the food has been infected by some hazardous materials. When companies encounter 
food safety problem, it is impossible for them to make money. Food is not like other kinds of products, it 
is related to people’s health, so that the government has the responsibility to control food safety. For 
instance, government agencies in the United States have legal jurisdiction over foods. At the federal level 
the primary agencies are the United States Food and Drug Administration˄FDA˅and the United States 
Department of Agriculture˄USDA˅. State and local agencies may also have jurisdiction over foods in 
the individual locales where they are produced, stored and distributed. 
If food safety accidents happen, market withdrawal and recall will appear. For all the companies on 
the supply chain, benefits are their main target. No company can survive if its products do not make 
money. Agri-food supply chain cannot maintain stable when food safety. On the other hand, benefits 
become a myth because consumer will not purchase their products. So benefit and safety are tightly 
connected.
3. Radio-frequency identification (RFID) 
A.  Definition and background of RFID 
RFID is a very compact technology. RFID tags are the most significant components in this kind of 
technology. About as large as a pinhead, they contain at least two parts. One is an integrated circuit(or 
chip) that contains an electronic product code (EPC) for storing and processing information, modulating 
and demodulating a radio-frequency signal, and other specialized functions. The second is an antenna for 
receiving and transmitting the signal. The EPC standard was developed by the Auto-ID Center, a 
partnership founded in 1999 by five leading research universities (anchored by the Massachusetts 
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Institute of Technology), and nearly 100 leading retailers, consumer products makers, and software 
companies. 
There are generally three types of RFID tags: active RFID tags, which contain a battery and can 
transmit signals autonomously, passive RFID tags, which have no battery and require an external source 
to provoke signal transmission, and battery assisted passive (BAP) RFID tags, which require an external 
source to wake up but have significant higher forward link capability providing greater range. 
RFID is the use of an object (typically referred to as an RFID tag) applied to or incorporated into a 
product, animal, or person for the purpose of identification and tracking using radio waves. Some tags 
can be read from several meters away and beyond the line of sight of the reader. RF tags can provide 
more information than traditional barcodes. For example, not only can an RF tag tell what the product is, 
but also when and where it was made, where its components came from, and when they might perish. 
Another benefit is that unlike bar codes, which need line-of-sight scanning to be read, RF tags also act as 
passive tracking devices, broadcasting a radio frequency when they pass within yards of a special 
scanner.
RFID technology is robust and has been used for some time in harsh manufacturing environments. 
Other applications include car toll tags and security- ID badges. Recently, firms have been focusing on 
their use within supply chains. Currently Wal-Mart and Home Depot are among the companies that are 
conducting tests to determine if the cost savings from increased inventory accuracy are enough to warrant 
placing RF tags on every item. These investigations, as well as others, suggest that widespread RF tag use 
is very near. RF tags have been used for several years in Mobil Gasoline’s Speedpass system, where the 
customer passes a small key fob within a few feet of the gas pump to turn on the pump and automatically 
charge their credit card. This approach saves time for the customers and lowers costs for the company. 
With RFID capability, each store can know exactly what its in-stock inventory is in near-real time. In 
addition, the distribution centers and warehouses will also have access to current store inventory levels, 
along with demand trend information, through the use of EDI capabilities. The goal of practitioners and 
researchers for true quick response should finally be feasible.
B. Advantages and problem with the use of RFID 
Many researchers and practitioners are working on the enhancement of supply chain collaboration in 
order to improve performance of the individual supply-chain members and supply-chain performance as 
a whole.
Fig.2 The enabling steps of item level supply chain management. 
Item level identification must be the foundation for item level supply chain management. Item level 
identification, therefore, is only possible if each item has its own identity that can be recognized easily 
and efficiently within the entire supply chain. Wireless product identification has recently garnered the 
interest of researchers. The general technology can be viewed as a wireless barcode. Because of its 
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flexibility, this technology provides the technical basis to manage individual items in a supply chain. 
RFID can satisfy this kind of requirement. So far, it has been widely applied in several fields of supply 
chain management [9]. 
Fig.2 illustrates the enabling factors this technology provides. First and foremost, no physical 
contact is needed to interact with the product items, allowing for increased handling efficiencies. Bar-
code readers are no longer needed to update inventories, and theoretically, even checkouts could be 
eliminated. Recent research reports that checkout costs account for approximately 3 percent of retail 
revenue in supermarkets in the industrialized world. Currently some supermarkets are experimenting with 
self checkout capabilities. Wireless technologies using electronic payment methods could allow shoppers 
to walk out of the store without stopping at a checkout station, having their goods scanned automatically 
and their credit cards charged. This could lead to reducing (and possibly even eliminating) the entire 
process and cost of customer checkout. Comparing with other technologies, RFID has outstanding 
advantages. They as following: a)RFIF plays a great role in product tracing. Traceability is the ability to 
follow the movement of a food product through the stages of production, processing, and distribution. 
Traceability includes both traceback and trace forward. Traceback is the ability to trace a food product 
from the retail shelf back to the farm. Conversely, trace forward is the ability to trace a food product from 
the farm to the retail shelf. Traceability is often needed to identify the sources of food contamination and 
the recipients of contaminated food in product recalls and seizures. b) RFID can integrate supply chains 
and networks as a distinction from loosely related up- or downstream firms, offer opportunities for 
creating additional added value. High customer satisfaction and confidence in the purchase can be 
achieved by labeling or, at a higher level, branding. Labelling requires supply chains with a shared 
strategic focus and more chain coordination. Cooperation in chains enables traceability systems, which 
can reduce cost in the event of food safety problems and can improve verification of quality and credence 
values of food. Furthermore, the competitive positions of chains can be improved by using the 
competitive position of individual firms in the chain. c)RFID can create market power. Retailers 
experience severe price competition. Creating PPL enables higher profits, and also a higher market share 
can be one of the benefits. Furthermore, a wide range of PPL products enables economies of scale in 
advertising. d) Securing food safety is another function of RFID. The General Food Law is a driver for 
food quality and safety standards. Some retailers apply additional requirements, thus creating a labeling. 
By coordinating the chain, retailers gain more influence on the production process and reduces the risk of 
insufficient food quality. Higher customer loyalty should outweigh higher chain costs due to food safety 
guarantees. Despite clear conceptual approaches research on empirical verification needs to be 
strengthened [10].
4. RFID Application strategy in Agi-food supply chain 
As we discussed in section 3, RFID has its special advantages. In agri-food supply chain, it can 
provide highly accurate data by automating data capture, improving the safety as well as the efficiency of 
the food chain.  
For individual company on the agri-food supply chain, real-time visibility into product condition 
during temperature-sensitive transportation may reduce opportunity for spoilage, contamination and food 
borne illnesses. On the other hand, real time track and trace for cost-effective and accurate creation of 
electronic pedigrees. For the whole supply chain, it can increase productivity. Workers no longer need to 
manually write information on paper forms so it may reduce shrinkage due to the increase in supply chain 
efficiency.  Although RFID has so many advantages, not all the companies will decide to use it. The key 
reason is that the use of RFID will lead additional cost to the company and the companied need to 
analyze their benefit. Generally speaking, if the application of RFID can keep in balance between benefit 
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and the safety requirement of the products, the companies will use it. Otherwise, they will not choose it 
even if RFID has so much advantages. 
Fig.3 Application Strategy of RFID in Agri-food Supply Chain. 
In this section, we will analysis the application strategy of RFID in agri-food supply chain. Here, safety degree 
is defined to measure the requirement of food safety. When the value of safety degree is large, that means the food 
safety is emergent. Otherwise, the food safety problem is not very serious. 
We choose two parameters to help us make the decision. One parameter is benefit, the other 
parameter is safety degree. Here, benefit refers to the profit causing by using RFID technology. For 
instance, RFID can enhance the efficiency of supply chain, so that the perishable problem can be greatly 
decreased. Then the supply chain can reduce the loss. Another example is that RFID tags can contain 
more meaningful information such as the producing area, the planting methods, the producing process 
and some other kinds of special information that consumers will consider about them when they purchase 
products. 
According to the analysis, five different kinds of strategies can be proposed for the RFID 
application. As Fig.3 shows, we have marked them as 1,2,3,4 and 5 as following:  
In strategy 1, the value of RFID benefit is large and the value of safety degree is large. It means that 
if RFID is not used that serious safety problem will happen. Meanwhile, the application of RFID can lead 
great benefit to the supply chain. So the best decision is to set up a strong integrated RFID application 
network for the whole supply chain.  
In strategy 2, the value of RFID benefit is small and the value of safety degree is small. It means that 
if RFID is not used that few safety problem will happen. Meanwhile, the application of RFID cannot lead 
great benefit to the supply chain. So the supply chain do not need use RFID.  
In strategy 3, the value of RFID benefit and the value of safety degree is adjusted with each other. 
That means using RFID can increase benefit or to solve the food safety problem very well. Under such 
condition, some less important RFID network can be set up with the help of third party logistics service 
provider and the key sections RFID network need to be set up by the companies themselves. Through this 
way, we can ensure the benefit or ensure the safety problem.  
In strategy 4, both the value of RFID benefit and the value of safety degree are relatively large. That 
means the use of RFID can work very efficiently. So RFID also can be widely used as in strategy 1. The 
difference is that the integrated network is not so strong. On some not so significant sections, the function 
of RFID is only to transfer necessary information. f)In strategy 5, both the value of RFID benefit and the 
value of safety degree are relatively large. That means the use of RFID cannot work very efficiently. So 
only the key sections choose to use RFID. 
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5. Conclusions
In this paper, we analyze the characteristics of agri-food supply chain. Then the disadvantages of 
RFID are discussed. After that, we study the application strategies of RFID based on benefit and safety 
degree. In real supply chain, more factors need to be considered beside benefit and safety degree. In the 
following research, more factors will be considered and more complex models will be proposed. 
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